A fluorescent filter method using the Bioplorer apparatus and a conventional standard plate count method were compared for microbial cell enumeration in soymilk. Soymilk samples were solubilized for filtration. The microbial cell count obtained using the Bioplorer method showed good correlation with that obtained by the standard plate count method. The results of this study showed that the Bioplorer method is a rapid and efficient method for enumeration of bacterial cells in soymilk.
Introduction
Soymilk is one of the most popular soybean foods because it is a good source of high-quality proteins, isoflavones, and vitamins (Jacobsen et al., 1998) . The potential health benefits of soy in preventing cancer as well as fighting heart disease and diabetes have been reported. Increasing consumption of soymilk, not only in East Asia, but all over the world, may result in a higher demand for high-quality, safe processing systems for the manufacturing of soymilk. Food safety has become one of the most important concerns around the world. The quality control of soymilk is therefore important (Katase and Tsumura, 2011) .
Conventional culture methods are simple and commonly used for monitoring microbes in soymilk. However, these methods, in general, require more than 24 h for the detection of microbiological colonies. Bacterial numbers are sometimes underestimated, because some viable bacteria enter into a viable, but non-culturable, (VBNC) state (Rowan, 2004) . Therefore, a simple, rapid, and accurate detection method is desirable. Several non-culture methods have been used for the rapid detection of bacteria in food (Fujikawa and Morozuki, 2003; Gracias and Mckillip, 2004; Kawasaki et al., 2004; Kawasaki et al., 2007; Masuda-Nishimura et al., 2000; Miyamoto et al., 1998) . PCR is a useful technique because of its high sensitivity. In particular, reverse transcription-PCR is a valuable technique for the detection of viable bacteria. However, these techniques require the extraction of nucleic acids from samples, and PCR reactions are sometimes inhibited by food components such as lipids and proteins. Fluorescence staining methods are widely used for the detection of bacteria without culture processes (Miyanaga et al., 2007; Yamaguchi et al., 2007) . Propidium iodide (PI) is a non-ionic fluorescent dye used to stain DNA.
Bioplorer is an optical device originally designed to enumerate bacteria in cosmetics, toiletries, and food (Arai et al., 2006; Masakiyo et al., 2010; Nishimura et al., 2006; Nishimura et al., 2008; Shimakita et al., 2006; Shimakita et al., 2007) . It is composed of a charge-coupled device camera, an optical unit, a light-emitting diode (LED) light source and a driving stage. Microbial cells are stained on the sampling tip, which is then placed in the instrument for automatic counting. In the present study, we enumerated microbial cells in solubilized soymilk using an automatic cell counting system. The applicability of this system was compared to that of a conventional plate count method.
Materials and Methods
Materials Soymilk was obtained from Fuji Oil Co., Ltd. (Osaka, Japan). Escherichia coli NBRC 3301, Staphylococcus aureus NBRC 12732, Bacillus subtilis NBRC 3023, Klebsiella pneumoniae NBRC 14940 and Citrobacter freundii NBRC 12681 were used in this study. Standard plate agar (Nissui Seiyaku, Tokyo, Japan) was used for the colony CFU/mL) and coliforms (E. coli: 1 × 10 1 CFU/mL; K. pneumoniae: 2 × 10 2 CFU/mL; C. freundii: 2 × 10 2 CFU/mL) were spiked into 5 mL of soymilk. Then, 5 mL of BGLB broth was added and the solution was incubated at 35℃ for 6 h. Standard plate method The conventional plate method was performed according to ''Standard methods of analysis in food safety regulation -biology'' (Ministry of Health, Labour and Welfare, Japan, 2004) utilizing pour-plating techniques. The bacterial count was enumerated using standard plate agar incubated for 48 h at 35℃ after inoculation. The results were expressed as colony-forming units per milliliter of sample (CFU/mL).
Statistical analysis The counts obtained by the standard plate method and the Bioplorer method were first converted to logarithmic forms. The Bioplorer method was compared with the standard plate method according to relative linearity. Statistical analysis of the results by linear regression was then performed using Microsoft Excel Statistics 2002 for Windows.
Results and Discussion
Solubilization of the soymilk samples Previous studies demonstrated that the Bioplorer method could enumerate microbial cells in various food samples. However, some items, such as milk products, could not be assayed due to filtration problems . It is necessary to separate microbial cells from food matrices for accurate enumeration of microbial cells. Soymilk was solubilized for filtration of sample aliquots (Fig. 1) . The particle size of the sample comcount. Brilliant green lactose bile (BGLB) broth was purchased from Nihon Pharmaceutical Co., Ltd. (Tokyo, Japan). PI was obtained from Wako Pure Chemicals Co., Ltd. (Osaka, Japan). Injection-quality distilled water was used (Otsuka Pharmaceuticals, Tokyo, Japan). Other reagents were of commercially available analytical grade.
Spiked samples Each bacterial species was cultured on standard plate agar at 35℃ for 24 to 48 h. A single colony was selected and suspended in physiological (0.9%) saline. Cells were then diluted with physiological saline to obtain the prescribed concentrations and then spiked into soymilk.
Solubilization of soymilk samples One milliliter of soymilk sample was added to 100 μL of a chelating reagent solution (FJ-VKR12-A; Panasonic Ecology Systems Co., Ltd., Aichi, Japan) and mixed well. One-hundred microliters of the mixture was then added to 800 μL of a cationic detergent solution (FJ-VKR12-B; Panasonic Ecology Systems Co., Ltd.) and mixed well, followed by the addition of 1 mL of a protease solution (FJ-VKR12-C; Panasonic Ecology Systems Co., Ltd.). The mixture was incubated for 5 min at 55℃. Finally, this solution was used for the enumeration of microbial cells.
Cell trapping and staining Microbial cells in treated solutions were vacuum-filtrated onto a filter of a sampling tip and washed with 3 mL of physiological saline. Then, 100 μL of dye solution containing 2.5 μg/mL PI was placed on the membrane filter. After incubation for 1 min, the dye solution was removed by suction. Finally, microbial cells were rinsed with 100 μL of physiological saline.
Optical system The Bioplorer LED-illuminated detection apparatus system (Panasonic Ecology Systems Co., Ltd.) was used. The optical system comprised LEDs and filters. The settings were set for PI detection and comprised green LEDs, a 525-nm excitation filter, and an absorption filter (580 -650 nm). The excitation light source was illuminated through the excitation filter on the cell trap membrane filter of the cell separation unit. The fluorescent light emitted from 1 of 30 sections of the cell trap membrane filter passed through an objective lens and an absorption filter and was projected onto a charge-coupled device. All 30 sections were scanned automatically, and fluorescent spots in each section were counted . Particle size analysis The particle size of the sample solution was determined with a dynamic light-scattering particle size analyzer LB-500 (Horiba Ltd., Kyoto, Japan). Before measurement, samples were sufficiently diluted with distilled water to meet the particle number density requirement of the instrument. The results are mean values of duplicates. Comparison between the microbial cell counts determined using the Bioplorer method and the conventional plate count method A range of soymilk samples spiked with known quantities of three types of bacteria were analyzed with the Bioplorer method and the conventional plate count method (Fig. 2) . A good correlation was observed after plotting them logarithmically in the range of 10 5 to 10 9 CFU/mL.
Culture enrichment of bacteria in soymilk samples
Only a few minutes are required to analyze concentrations of microbial cells over 10 5 CFU/mL using the Bioplorer method if the total number of cells in the sample is sufficiently high.
Detection of coliforms in the soymilk
We examined if coliforms in soymilk would be detectable using the Bioplorer method in the presence of Bacilli that sometimes contaminate soymilk (Fang et al., 1999; Pascall et al., 2006) . For this purpose, culture enrichment of targeted cells in BGLB broth was performed. Increased numbers of coliforms were observed during growth suppression of B. subtilis in BGLB broth (Table 1) . A 6-h culture enrichment period was required for the growth of coliforms using this method. This result suggested that even low initial concentrations of coliforms can be detected using the Bioplorer method after culture enrichment.
Enumeration of 10 4 microbial cells by fluorescence microscopy takes more than an hour even if cells are enumerated by a skilled and experienced person (Yamaguchi et al., 2003) . The automatic cell counting system used in the Bioplorer method requires much less time than microscopy. The time from culture enrichment to completion of the measurement is approximately 6.5 h. Therefore, the method described in this study is faster than other conventional methods in detecting 10 2 CFU/mL coliforms in soymilk.
Total microbial cell number is a useful indicator of microbial contamination. However, it is important to distinguish viable microbial cells from total microbial cells to understand the microbial process of contamination. For this purpose, further investigation for the detection of viable microbial cells using 6-carboxyfluorescein diacetate (Dive et al., 1988) and/or specific bacteria using fluorescent in situ hybridization staining (Nishimura et al., 2008) is required for practical monitoring and is in progress. ponents was greatly reduced by this treatment. The procedure made it possible to filter sample solutions and to count microbial cells in soymilk. Moreover, it was possible to solubilize soy products such as soy protein isolates. It should be noted that cells were damaged by a surfactant and stained with PI after this procedure (data not shown).
Rapid Enumeration of Microbial Cells in Soymilk In conclusion, the method described in the present study using the Bioplorer apparatus is a more rapid and convenient microbial testing method compared to the conventional culture method. It may be useful in the rapid detection of microbial contamination in soymilk.
